While previous research has analysed the links between drinking water access and health, and to some extent between health and agriculture, the direct impact of household water access on agricultural productivity has hardly been studied. We address this research gap, using survey data from Tanzania. Regression models show that water access constraints significantly decrease labour productivity for households that require more than the median time for water collection, doubling the time required for water collection reduces labour productivity by over 20%. For these water-constrained households we also identify a negative effect of water collection time on crop yield. Since we control for differences in irrigation, input use, crop type and other factors, we conclude that the productivity effects are mainly due to poorer health in water-constrained households. These results suggest that there are important linkages between drinking water access and agricultural growth which have often been overlooked in the past. Improving water access for rural households should receive higher policy priority not only from a health perspective but also from an agricultural growth perspective.
Introduction
Water-related constraints can have a significant impact on income and food security for households in sub-Saharan Africa. The lack of adequate provision of water has long been recognized (Gleick, 1998) . For farm households, access to water can stabilize incomes, increase the efficiency of other inputs and open up new production alternatives, such as diversification into higher value products (Namara et al., 2010; Crow et al., 2012) . In rural areas of sub-Saharan Africa, household water is often used for both production and consumption. Water use at the household level includes drinking, sanitation, bathing and cooking, as well as hand-delivered irrigation and livestock watering, affecting income directly, in addition to contributing to increased education and health possibilities (Moriarty et al., 2004) .
The time required for collecting drinking water can influence the choice of supply source for a household. This was shown empirically in Benin, for example, where the choice to use an unimproved water source was often a consequence of the distance to improved water sources (Ruben & Zintl, 2011) . Distance to a water source, regardless of the quality of the water, can also have an impact on the household in other ways. Increased time needed for water collection can decrease the labour time available for farming and affect the use of other inputs (Hoddinott, 1997; Croppenstedt & Muller, 2000) . It may also mean that households are storing more water at the household level, possibly increasing exposure to pollutants from improper handling or storage (Zwane & Kremer, 2007; Ruben & Zintl, 2011) . Furthermore, water collection times can influence water usage within the household. In addition to limiting water consumption, households may change sanitation practices as a water-saving strategy, which can have a negative impact on health. The health impacts of bacteria, viruses and parasites in surface water tend to increase substantially owing to a lack of sufficient water for washing and hygiene (Zwane & Kremer, 2007) . In fact, the quantity of water available was found to be a more robust indicator of health than water quality, largely owing to limitations on sanitation rather than consumption (Esrey et al., 1991; Madulu, 2003; Fewtrell et al., 2005) .
For Tanzania specifically, water access has been recognized as one of the most important components needed for achievement of the nationally recognized social and economic development goals (Tanzania, United Republic, 2002) . However, public expenditure on water has been very low (Tanzania, United Republic, 2009) . Under the National Water Policy of 1991, a target was set of providing clean and safe water within 400 m of each household by 2002; more recent targets include a goal of providing 90% of the rural population in Tanzania with sustainable access to safe water by 2025 ( Jiménez & Pérez-Foguet, 2010 ). In 2007, over half of the rural households in Tanzania had to travel more than one kilometre to their drinking water source in the dry season (National Bureau of Statistics, Tanzania, 2009) . Studies for rural Tanzania have shown that poor access to water is a significant determinant of diarrhoea and trachoma (a bacterial eye infection) (Tumwine et al., 2002; Baggaley et al., 2006) .
There is a substantial body of literature looking at the linkages between drinking water access and health (e.g. Tumwine et al., 2002; Baggaley et al., 2006; Zwane & Kremer, 2007; Ruben & Zintl, 2011) . There are also studies that analyse the influence of health on agricultural productivity and efficiency (e.g. Antle & Pingali, 1994; Ersado et al., 2004; Asenso-Okyere & Mekonnen, 2011) . Nevertheless, there is very little research looking at the direct impact of household water access constraints on agricultural productivity. Given government budget constraints, understanding the spillovers of policies and expenditures in one sector on other sectors is important in order to design efficient policy strategies. This is especially important for spillovers on agriculture as the main source of income for the rural poor. We hypothesize that water access constraints have a negative impact on agricultural labour productivity. This hypothesis is tested for the case of Tanzania, using primary household survey data.
The rest of this article is organized as follows. Section 2 provides some background and presents an analytical approach. Section 3 gives an overview of the household survey and descriptive statistics, while Section 4 presents estimation results. Section 5 concludes and discusses some policy implications.
Background and analytical approach
Many households in sub-Saharan Africa are faced with very large water collection times, which often disproportionately affect women (Boone et al., 2011; Subaiya & Cairncross, 2011) . Existing research suggests that investing in water infrastructure to reduce collection times could contribute to poverty alleviation (Blackden & Wodon, 2006; Ruben & Zintl, 2011) . But the underlying mechanisms are less clear, as they can be manifold (Ogilvie, 2010) . One potential mechanism is through increased agricultural productivity, as was pointed out conceptually by Rosen & Vincent (1999) . But empirical research in this direction remains rare. One study in Ethiopia found that time to access drinking water was a significant determinant of overall agricultural productivity that is likely to have an impact on health or time, as it is diverted from agricultural activities (Croppenstedt & Muller, 2000) . We are not aware of other research on this particular relationship.
Potential mechanisms of impact
In rural areas of Tanzania, most households are dependent on canals fed by rivers as their drinking water source. While some of this water is used for irrigation, most is used for domestic purposes (Aikaeli, 2010) . Long distances to water can have wide-ranging effects, as was already mentioned above. Here, we measure drinking water access in terms of the time it takes to collect water rather than the distance. Given different infrastructure conditions, time is a better measure than distance (Boone et al., 2011) . Moreover, time includes possible waiting times at the water source, which is important when looking at issues of labour time availability. We concentrate on the time to water during the dry season, kiangazi. Given the dependence on surface water of households in rural Tanzania, access to water in the dry season is often more limiting than in the wet season 1 . We evaluate the role of water access in the quantity of household labour used in agriculture (see Table 1 for definition of key terms used). In doing so, we capture both direct effects (assuming that time spent gathering water could reduce time available to work on-farm) and indirect effects (assuming that time spent sick caused by less access to water could reduce labour days available). Beyond labour quantity, water access may also affect the quality of household labour. When facing severe water access constraints, households may choose to limit water use for consumption and sanitation with negative health implications, as was discussed earlier. They may also store water for longer periods of time, which is often associated with declining water quality (Ruben & Zintl, 2011) . Household members who suffer from infectious diseases may still work on their fields, but they may be physically weakened and thus less productive. We analyse this by looking at the impact of water access on household labour productivity. Finally, we measure the impact of water access on crop yield.
Estimation
We first evaluate the role of water access on the quantity of agricultural labour used by the household. Although water access could affect other household decisions, we focus on days of household labour used for crop production. We acknowledge that labour days is not a very precise measure, as the number of hours spent in the fields may vary somewhat. But we do not have more precise data available. We regress labour quantity on water access and several control variables. For a better comparison between farms of different size, we divide household labour hours (Labor i ) by the land cultivated in acres (Land i ), where i is used as the household identifier. All variables are log-transformed as follows:
where W i stands for water access in minutes of collection time for household i, S i is a variable capturing the safety of the water source, T i is a vector of variables for agricultural technology and H i is a vector of household control variables that are expected to influence labour use decisions. These variables are discussed in more detail below. Finally, a vector of district dummies (D i ) allows a control for differences in agro-ecological factors, including soil and climatic conditions and possible unobserved regional heterogeneity. The Greek symbols are parameters to be estimated; ε i is a random error term. For the second part of our analysis, we anticipate that the impact of water access will show up in household labour quality. As labour quality is not observed, we estimate this effect through agricultural labour productivity, partially determined by inputs and additional household level constraints. Labour productivity is often particularly relevant for measuring welfare in rural areas (Wiebe, 2003) . To construct the productivity variable we converted the production output to a value measure using local prices. This is important, as farm households grow different crops with different densities, measured in different units. In addition, as the diversity of crops grown (e.g. cereals tubers, tree crops) could affect the distribution of the production value and the use of labour and other inputs, we employed a weighting procedure as follows:
where Prod i is the production value of household i and a and v are, respectively, the share of the farm area and the production value of crop k. Labour productivity is then calculated by dividing by the quantity of household labour used. For the impact analysis, we regress labour productivity to water access (W i ) and several control variables as follows:
The variables are defined as above. In addition, we include other agricultural inputs (X i ), which are expected to influence labour productivity.
Data and descriptive statistics

Survey design
A household survey was conducted from November 2010 to January 2011 in central-east and centralnorth parts of Tanzania, covering household characteristics and agricultural production data for the previous 12 months. The districts selected included Kilosa and Kilombero in Morogoro region, Kondoa and Chamwino in Dodoma region, Ngorongoro and Karatu in Arusha region and Babati and Simanjiro in Manyara region. These districts were selected using a clustering design to allow for a diversity of social programs while focusing on an area with similar production and weather patterns. This was particularly important given the diversity of agro-climatic conditions in Tanzania, which has led to different production environments and constraints (Fan et al., 2005) . The area of analysis has bimodal precipitation (with short rains from October-December and long rains from March-May).
Two villages per district and households within those villages were randomly sampled, covering 75% of the available hamlets in each village. In total, 504 households were sampled in the eight districts 2 . The survey questionnaire was translated into Swahili, pretested for clarity and interviews were done with the household head. Questions included information about household composition, water access, agricultural production (inputs and outputs), livestock ownership and trade, health facilities, communication and transportation, educational facilities and participation, credit access and social networks, as well as household income and consumption. While the sample is not representative of conditions in all rural areas of Tanzania, public spending patterns and water access conditions are typical for the country. In the regions sampled, government expenditures mirrored national-level expenditures for each sector, with less than 2% of the budget going to the water sector in 2006 (Tanzania, United Republic, 2009 ).
Descriptive statistics
For the households sampled, agriculture was the main occupation, with a majority having no secondary occupation. Descriptive statistics are shown in Table 2 . Farm sizes averaged 6 acres with most of this (85%) in staple crops (cereals, tubers, or pulses), primarily maize. At the farm level, less than 10% of land is irrigated and around 30% is planted with improved seeds. Almost 50% of the households belonged to at least one type of village-level group (farmer group, religious group, women's group, etc.). The income variables at the bottom of the table suggest wide variability between households for all measures (1,492 Tanzanian shillings (TSH) ¼ US$1.00 in January 2011).
Looking at water availability and access specifically, households need 45 min to collect water during the dry season on average. Fifty percent of households are using some type of protected water source such as a protected well, spring, or water bought from a vendor or neighbour with a tap; we refer to such protected water sources as 'safe water'. Figure 1 shows the distribution of the time needed to collect water by season, whereas Figure 2 shows the water source by season. No household in the sample has in-home piped water. As can be seen, seasonal differences are not substantial, but during the wet season, more households use rain catchments and more than 30% collect their water directly from rivers.
It is possible that households with limited water access are also disadvantaged in other ways that could affect their productivity. For example, households in villages with drinking water wells or more established water infrastructure could also have relatively better access to input and output markets and public support services, such as agricultural extension. To evaluate this, Table 2 breaks out the characteristics for households that spend less than the median time (20 min) collecting water and those that spend at least the median time collecting water in the dry season 3 . Some of the differences between these two subsamples are statistically significant, such as irrigation (p ¼ 0.006), use of a protected water source (p ¼ 0.000) and the presence of a pit latrine (p ¼ 0.000). While irrigation is low in both groups, it is especially low among households far away from water sources. There are also differences in terms of the education of the household head (p ¼ 0.000), pesticide spending (p ¼ 0.028), fertilizer spending (p ¼ 0.052), number of traction animals (p ¼ 0.001) and the proportion of staple crops (p ¼ 0.012) and the cash crop area (p ¼ 0.013). In the regression analysis, we will control for such differences to isolate the effects of water access. Interestingly, the differences in household labour quantity and labour productivity are not significant between the two subsamples. Further details are analysed in the next section. Table 3 presents the estimation of household labour quantity (Equation (1)). In addition to water access, the model includes a dummy if safe water from a protected source is used. We include a dummy for participation in agricultural training, the number of traction animals per acre and the share of the farm area under staple crops (as opposed to horticultural and other crops) as agricultural technology variables. These variables may influence household labour use and they were shown to differ between households with better and worse access to drinking water. We do not include hired labour quantity, as this may be jointly determined with household labour quantity and could thus lead to problems of endogeneity. Likewise, other agricultural inputs such as fertilizer and pesticides may be endogenous in this model, so that they are not included.
Estimation results
Effects of water access on labour quantity
To control for differences in household level characteristics we include a set of socio-demographic variables. Human and social capital can influence household labour use decisions on-farm and off-farm (Narayan, 1997) . We use a dummy for female household heads, the dependency ratio (number of children to each adult in the household) and group membership (since shared labour may be used). We also include the education of the household head (in years), which is significantly different between households with better and worse access to water: households with better water access have higher educational levels on average. We also tried to control for a few other variables, such as household size and age of the head. The major results remained unchanged, but as these are correlated with other variables in the model, the standard errors increased, so we removed them from the final version. In the survey, we had also collected data on the incidence of illness. However, many diseases are not recorded as such and they may also not always lead to lost labour days (farmers may still work in the field when sick). We found no correlation between incidence of illness and household labour days. Other studies have discussed the inherent difficulty of measuring the impact of health indicators on output or labour lost (Pitt & Rosenzweig, 1986) .
The results in the first column of Table 3 , referring to the full sample, suggest that access to water does not influence household labour use significantly. Likewise, many of the other variables are not significant. The variables that are significant are traction animals and female household head. The number of traction animals per acre has a negative effect on household labour use, which is as expected. Agriculture in Tanzania is still widely limited to hand hoe cultivation (Fan et al., 2005) , which is very labour intensive. Traction animals reduce the labour requirements for tillage operations in particular. Households with female heads use significantly more household labour for crop production. This effect is quite strong and may be related to fewer alternative income-earning opportunities for female-headed households. Women also tend to have lower access to inputs and technologies, which they may try to compensate by using more household labour.
The second and third columns of Table 3 show separate regressions for households with water collection times below and equal or above the median time requirement. This disaggregation helps to identify possible effects that are not continuous. It also allows us to analyse whether water access has an influence on the effect of other determinants of household labour. The results show that the coefficients for water access remain insignificant. The other effects differ slightly in magnitude, but without changing the general results. Water access does not appear to be a significant determinant of household labour quantity when we control for other household and regional differences. We now move forward with our analysis of the impact of water access on labour quality, proxied by labour productivity. Table 4 shows the results of models where we regress household labour productivity on water access and control variables, as described in Equation (3). Labour productivity (total crop output per labour day) is calculated using the vector of agricultural inputs including the land cultivated measured in acres, hired labour measured in days, the number of traction animals, pesticides and fertilizers measured in value terms and the percentage of land cultivated with improved seeds. We also control for the percentage of land irrigated, which could be correlated with water access, because water may be used domestically and for irrigation purposes (Ersado, 2005) .
Effects of water access on labour productivity and crop yield
Household socio-demographic variables are the same as discussed above. In addition, we include road access, measured as the time required to reachv the next road and a dummy for whether or not the household has a toilet (pit latrine). Toilet can be seen as a proxy for more general hygiene conditions that go beyond access to water and may also affect household labour productivity. We also tested other variables, especially those with significant differences between households with better and worse water access. These other variables had no significant coefficients in the estimation model and did not change the other results. The double-log functional form was tested against more flexible forms (such as the translog), but the goodness of fit did not improve. All continuous variables are included in log form. The dependent variable is the log of household labour productivity, using the weighting procedure described in Equation (2).
The estimation results in the first column of Table 4 refer to the full sample. Water access does not have a significant effect on household labour productivity in this specification. Hired labour, the amount of land and the number of traction animals all increase household labour productivity significantly. The amount spent on pesticides also has a positive effect, which is significant at a 90% confidence level. A female household head has a relatively large negative effect. This may be due to the same reasons that were already discussed above for household labour quantity. First, females often have less access to information and technology, which may not be fully controlled for in the other covariates. Second, females may work more in their own fields because of their lesser access to off-farm economic activities. Overall, using more labour on the farm may be associated with lower labour productivity.
However, while we see that water access has a negative but insignificant effect on labour productivity, it could be that this elasticity is not constant. To analyse this further, we divide the sample into two subsamples with water collection times below the median of 20 min and equal or above that median value. Model estimates for these two subsamples are shown in the second and third columns of Table 4 . Indeed, water access has a significantly negative effect for households with water collection times of at least 20 min, while this effect is not significant when collection times are shorter. For the more water-constrained households, a 1% increase in collection time reduces household labour productivity by 0.26%. This confirms our main hypothesis that water access constraints have a negative impact on agricultural labour productivity. Comparing the two subsample models we also find differences in the coefficient magnitudes and significance levels of a few other covariates, such as hired labour, pesticides and female household head. These differences indicate that water access may determine household behaviour and labour productivity through multiple mechanisms.
We carried out several robustness checks. We considered labour productivity combined for all the crops grown on farms, weighting crops by their area share on the farm. We tested whether the weighting procedure has an effect on the results by running the same models without weighting. The general results did not change. We also ran the models only for cereal production with results presented in Table 5 . We found similar relationships regarding the direct and indirect influence of water access, with differences between the households depending on water collection times. In particular, Table 5 shows that a 1% increase in collection time reduces household labour productivity of cereals by 0.22% (at 90% confidence level) and that for these households, irrigation and traction animals pay a significant role in labour productivity. Hence, as concluded above, water access appears to play a role in determining household behaviour and the main findings do not seem to be driven by the type of crops considered.
Water access may also affect productivity in ways other than by labour. For example, it may influence decisions about how much water to use for irrigation (beyond the irrigated area share) or how much complementary input to apply. To analyse this, we look at the impact of water access on crop yield (production value per acre). The variables are log-transformed as previously and the results are shown in Table 6 . Water access has a negative effect on crop yield in households that are more than the median distance from the water source; this effect is significant at a 90% confidence level. For these households, a 1% increase in water collection time decreases yield by 0.17% on average. Comparing the results across subsamples, we also see that more limited water access can have an impact on the importance and production elasticity of household labour, hired labour, improved seeds, pesticides and fertilizer.
The results of this analysis for both labour productivity and crop yield support our assumption that households with more limited water access are faced with very different constraints to households with relatively better access to water. These effects could be overlooked if only the direct effects of water access on labour hours or production outcomes are evaluated.
Conclusions
While previous research has analysed linkages between drinking water access and health and to some extent also between health and agriculture, there are hardly any studies that have examined the direct impact of drinking water access on agricultural productivity. We have addressed this gap, using survey data from agricultural households in Tanzania. Water access and the time required for collecting drinking water may influence the quantity of household labour available for crop production. This effect was not significant in the case analysed here. Drinking water access may also affect the quality of household labour; access constraints may contribute to poor health, resulting in lower labour productivity. This hypothesis was confirmed for those households that are particularly disadvantaged with respect to water access. The time needed for water collection has no immediate productivity effect in households with relatively good water access, but it significantly decreases labour productivity for households with more than the median time for water collection. For these more water-constrained households, doubling the time required for water collection reduces labour productivity by over 20%. This effect is net of differences in input use, types of crops grown, agro-ecological conditions and socioeconomic factors. For these water-constrained households we also identified a negative effect of water collection time on crop yield. The yield elasticity with respect to drinking water access is larger than the yield elasticity with respect to inputs such as fertilizer and pesticides. One could assume that this is due to irrigation that is correlated with water access. Yet, in the models we control for irrigation, we conclude that the productivity effects are mainly due to poorer health in water-constrained households. Furthermore, water access seems to influence other input choices to some extent. These results suggest that there are important linkages between drinking water access and agricultural growth, which have often been overlooked in the past. Previous studies have analysed the impact of water quality on health, measuring quality at the water source (e.g. Tumwine et al., 2002) . However, water quality at the source may not be the same as the quality of water actually consumed. With increasing distance to water, it is likely that households are storing more at the household level, increasing opportunities for exposure to pathogens from handling or insufficient storage. In addition to quality, long distances to the water source may lead to water quantity constraints. Indeed, a recent meta-analysis of studies on the impact of distance to water on health showed that water use tends to decrease with long water collection times (Subaiya & Cairncross, 2011) . This is in line with our results. Our findings also support previous studies showing that the largest improvements in health come from a combination of hygiene education, sanitation and increased quantity of water available (Hoddinott, 1997) . The findings also support the argument that strategies to promote economic development must include measures to increase access to water (Kumar et al., 2008) .
Our study has a few limitations that should be pointed out. First, the data we collected on household labour quantity are not very precise. While we know the number of household labour days spent on different crops, labour days may vary in length. For instance, women that are busy with both household and cropping activities may spend fewer hours in the field, which may still have been captured as full labour days in the survey. For future research in this direction, more precise time measurements should be used. Second, while we collected data on the self-reported incidence of illness, we have realized that this is an imperfect measure of health status. Hence, we were unsuccessful in explicitly modelling the full causal chain from water access to health to productivity; this also remains a task for follow-up research.
In spite of these limitations, our results are robust for multiple model specifications, providing substantial evidence that drinking water access is a significant constraint for agricultural productivity in Tanzania. Hence, improving water access for rural households should receive a higher policy priority not only from a health but also from an agricultural perspective. In other words, spending more on improving the supply of safe drinking water in rural areas can contribute to social objectives and pro-poor economic growth simultaneously. Beyond improving the physical infrastructure for water supply -such as building wells and extending piped water systems -educational programs could help create wider awareness of the importance of safe water and build capacity to improve practices of water collection, storage and use.
There are also important linkages between drinking water access, health and nutrition and between agricultural productivity and poverty, which were analysed in previous research (e.g. Irz et al., 2001; Fewtrell et al., 2005) . In combination with this previous literature, our findings suggest that there are important synergies between a broad set of variables, including water, health, agricultural productivity, poverty and nutrition. These synergies can lead to negative spirals without policy action. On the other hand, synergistic relationships provide opportunities for long-term positive cumulative effects through well-designed interventions. More research on inter-sectoral linkages is needed to guide efficient policy making.
